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INFLUENCE OF A SECTOR GROUND SCREEN ON THE FIELD OF

A VERTICAL ANTENNA

by

James R. Wait and Lillie C. Walters
Central Radio Propagation Laboratory

National Bureau of Standards
Boulder, Colo.

Abstract

The field of a short vertical antenna on a homogeneous ground is

shown to be modified by the presence of a metallic screen. The

screen is taken in the form of a circular disc and a concentric sector.

The modification of the field is expressed in the form of surface

integrals over the disc and the sector. Extensive numerical results

for these basic integrals are given and a number of applications are

illustrated.



1. Introduction

The influence of the ground on the fields of antennas has been dis-

cussed sporadically in the literature for many years. In most propa-

gation calculations it is assumed that the transmitting antenna has a

fixed dipole moment and the ground is taken to be a perfect conductor

or possibly a homogeneous imperfectly conducting half space. In

practice, however, some kind of ground system is used. Usually this

takes the form of a metal screen or radial wire system which is on

the surface of the ground or may be buried slightly beneath the surface.

The design of such systems has been typically empirical. Apparently,

the first analytical approach was carried out by Brown et al 1. Later

works2, 3 have dealt mainly with the influence of the ground system

on the impedance. In most cases it has been assumed that the radi-

ated field for a given current on the antenna was not appreciably

affected by the presence of the ground screen. In fact, an approxi-

mate analytical method was given previously by Wait and Pope4

which is suitable for estimating the dependence of the ground wave

on the size of a circular ground screen. Calculations5 based on

this work supported the contention that a screen has only a small

effect on the radiated field provided the radius of the screen is of

the order of a wavelength or less. Very similar conclusions have
6, 7

been arrived at by British workers .

In this paper consideration is given to ground screens which

may be large in terms of a wavelength. Since the theory has been
8

treated quite generally in a previous paper , attention will be focussed

here on the numerical calculations and the predicted performance.

'H
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2. Formulation and Description of Problem

The situation is described as follows. A vertical electric dipole

is located on a flat homogeneous ground of conductivity a* and dielectric

constant c. The vertical electric field E at a distance R and
0

elevation angle Io is given as follows
0

i L w1I -ikR
E -2-

S TTR e cosa ý 0 W (Rot Z) (
0

where

•o= 4nxlO07

w = angular frequency

.1 = effective height of transmitting dipole

I -, current at terminals of transmitting dipole

k = 2-/wavelength.

In the above, W(Ro, Z) is a complex quantity which is a function of
0

the surface impedance Z of the ground. Over a perfectly conducting

ground,W would approach unity. In the case of finite ground conductivi-

ty
9

1 -w

W(R Z) L- 1 - i(TTp)' e erfc( 1w ) (2)

where

w = [1 + (%/Z) sin , (3a)

ikR
0 

(3b)

00
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This result is valid for kR >> I and I Z/oI< 1 I
0

Ia ) "*
Z +i I o Cos ,(4)

the expression for W coincides exactly with the result given by

Norton3 0  for the same situation. It may be noted that this value

of Z is exactly equal to the ratio of the tangential electric and mag-

netic fields for a vertically polarized plane wave incident at an angle

900 " on the homogeneous flat ground.

In applications to practical communication problems it is very

convenient to split off the surface wave portion W by writing
5

W =W +W (5)
r s

where, by definition,

W= [1 + R(Lo)J/Z is the radiation or space wave

field, and

sin Lo" Z-

R= 0 (6)v sin ý + Z/ot
0 0

is the Fresnel reflection coefficient. This decomposition of the total
10field into space and surface wave was first made by Norton and

it is a convenient procedure in radio engineering since, by definition,

W is the radiation pattern of the antenna in the presence of the ground
r

plane. It may be the dominant term in many cases of practical interest
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although as o approaches zero W actually vanishes. Methods for
0 r

estimating the relative importance of W are given in the papers by
8

Norton1 0 .

The central task in the present paper is to indicate how a wire

mesh or a similar metal screen lying on the ground will modify the

field at the receiving antenna. The surface impedance is assumed to

be modified to Z' over the area of the screen but remains the same

outside the screen. The field El in the presence of the screen is
v

then written

i ilL 1 I -ikR
Ev = 0 e 0 oSP W' (R, Z, Z')v Z •r R ( 7P" • '{ )

where W1 is an unknown complex quantity which is now a function of

Z' in addition to R and Z. The quantity WI reduces to W if0

Z, = Z.

8In a previous paper an integral equation for WO was obtained by

an application of the Lorentz reciprocity theorem. Although it would

be possible to solve this equation directly using a digital computer

it was indicated that a first order iteration was satisfactory. In this

case it was found that

W'(R, Z, Z') w W(R, Z) [I + 0] (8)

where Q is the fractional change of the field due to the presence of the

screen. Within the approximations stated,the factor Q can be regarded

as the modification of the effective height of the transmitting antenna,

since it influences W and W to the same extent.
r s



-6-

Before proceeding further it is convenient to introduce a polar

coordinate system (p, 0) centered at the source dipole as indicated

in Fig. 1. Thus an element of area of the ground plane is p do dp.

From the analysis in the previous paper by Wait , it was

shown that

ik ikp z

S0

x (I+ Lk--)(cos.)d do (9)

where

R = [p + d2 + hR - 2p d cos ]

R = (d2 + h')l) h =R sinAi
0 0 0

and d = R cosilo"
0 *0

The integral may be evaluated when the shape of the ground screen

is specified. In the following, attention will be confined to screens

which are in the form of a sector. A special case is a circular screens

and this is considered first.
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3. The Circular Screen

Over the range 0 < p < a it is assumed that the surface impedance

is Z' = Z'. Beyond the screen (i.e., p >a), Z' = Z. Furthermore,
a

it is assumed that the receiving antenna is in the far field such that

R-R _ -p cosgcos4
0 0

Thus
a r

ik C' '( 1 ik'p cos cos g25• 217 cog ý a_0
0P=O0- *=17

Zt

x cosg ( )do d p
10 (10)

f Z' does not depend on 0 the integration with respect to 0 maya

be readily carried out to give

a Zo - Z

p =0

where J. is the Bessel function of the first type of order one. When

dealing with large screens the argument kp cos t4 can be regarded

as a large quantity over the major portions of the integrand. Thus;

J, may be replaced by the first term of its asymptotic expansion.

Therefore,

a Cos t 0 i

(12)H
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When Z' is essentially constant over the range of integration, 0
a a

can be expressed in terms of Fresnel integrals. After a change of

variable it readily follows that

Z-Z'a W iT/4
a - 1o

where 1(4ks/,T s' in € /2)
G Z [ 1 S exp[-i(Tr/2)t2J dt

(2 Co0.3 [ *o•' o

(4 ka/sT cos o /s ,

ScosI Fo/2 ) exp [-i (IT/2) t'] d
0

(13a)

As to approaches zero the above equation reduces to
0

a = 1(Ta L~(4~~ k expi .(TT/2) t2 dj (13b)
0

and if ka > > I this may be approximated by

o- *r÷ -* -

Tr (14)
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It is interesting to note that, if the integral in (12) in evaluated by

a stationary phase method, the second Fresnel integral in the square

bracket term of (13a) is not present. This would correspond to the

approximation usually employed in the practical theories of mixed-

path ground wave propagation. The value of G corresponding to

this situation is denoted G(l).

Numerical values of the integrals G and G(1) are given in

Table 1. The values of ka (denoted KA) take the values 5, 10, 20,

30, and 100, while tI (denoted PSI) runs from 00 to 45°. It is

immediately evident that, for small values of 4o (i. e., near grazing),

the integrals 0 and G(l) are not significantly different, All will be

clear from the following section the integral G(1) would correspond

physically to the situation where the screen is semicircular in shape

(L. e., 4 extends from TT/2 to - 17/Z only).

To illustrate the application of the results in Table 1, values of

the complex quantity 1 + 4 have been computed for several values of

the surface impedances of the ground plane. For this purpose it is

convenient to write

a I lB
110 - •(15)

where N and 0 are real. If the ground screen is a metal sheet

ZI << Z and, consequently, Ne710 could be regarded as the comnplex
a

refractive index of the ground itself. However, in general, N and

have a more general meaning as defined by (15). Taking N = 3 and

8 - 00, the amplitude and phase of 1 + OL are shown plotted in

)a
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Figs. 2a. and 2b, respectively, as a function of to for various values
0

of ka. It is emphasized that such curves should not be regarded as

radiation patterns but rather/modifications of the effective height of

the transmitting antenna due to the ground screen. It is apparent

that for the low angles involved in HF communication the ground

screen will increase the effective height of the transmitting antenna

by a significant amount. The value of N given in this example

corresponds to a dielectric constant of 32 or 9 which is typical of

very dry ground. The effect of choosing a large value of N is shown
0

in Figs. 3a and 3b where N = 10 and • = 0 . The curves are very
screen

similar in shape but the over-all effectiveness of the ground/•s reduced

somewhat.

The value of 0, as defined by (15), determines the phase of the

complex refractive index of the ground. For a very dry or nonconducting

ground 0 is zero as indicated in Figs. 2a to 3b. However, when the

conductivity becomes important 0 may be greater than zero. In fact,

for a highly conducting ground where displacement currents are

negligible, 0 may approach 450. To illustrate the influence of finite

0, the amplitude and phase of 1 + fs are shown in Figs. 4a and 4b

for ka = 20, N =10, and various values of 0 between 0°and 450.

It is evident from these curves that the presence of the conduction

currents tends to diminish the amplitude but it does increase the phase.

It is becoming apparent that at the lower frequencies and highly

conducting ground the presence of the ground screen has a small effect

on the total field (for a given strength I1 of the source dipole). To

illustrate this point, the amplitude and phase of 1 + OL are shown in

Figs. 5a and 5b for ka ZO and 0 = 450 for N 10 and 30. The
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4. The Sector Screen

It is clear from the previous results that a large circular ground

screen will, indeed, improve the low angle radiation from a ground-

based vertical antenna. However, one might ask if any portions of

the circular ground screen could be removed without materially

affecting the performance of the system. This is certainly a valid
5

question. In the first place,it is known that the impedance

of the antenna is not affected by anything beyond about one-half

wavelength from the antenna. Therefore, to throw some light on the

question posed above,the ground screen is taken to be in the form of

a sector extending from p =a to p =b from the base of the trans-

mitting antenna. From p =0 out to p =a the screen is circular in

shape. The situation is illustrated in Fig. 6. The surface impedance

over the area of the sector is Z%. In terms of the polar coordinate

system (p, 0), the area of the sector is defined by -A <• A,

and a< p <b.

It is convenient to express the factor G as the sum of two parts

in the manner

a2 + b (16)

where a is the contribution from the circular screen of radius a

and 0 b is the contribution from the sector which extends from a to b.

The portion )b can be written

b As
ik e S ikp (1+ eikpco * cO o

b 1TrcoO Lqjh ik e c
p=a *=-A•

b dO dp (17)c0
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where the receiving antenna is assumed to be in the plane * = 0.

The integral for 9b given above is sufficiently general to determine

the effect of the sector as a function of elevation and azimuth angle.

Actually, the integral is analogous to (10) for the circular screen

where the limits of 0 extend from - TT to rr. As before, only first-

order phase terms are retained so that the receiving antenna must be

in the far field. The extension to the near-field case has been con-
8sidered previously by Wait8. In actual communication circuits

the receiving antenna would always be in the far field.

To evaluate the integral in (17) it is convenient to use the approxi-

mation

coso

for the exponent in the integrand while the factor cos 0 is replaced by

unity. This is valid since the principal contributions correspond to small

values of 0. An interesting check on this statement is given below.

Following the procedure used in the previous section, a dimension-

less function Gb is introduced by setting

Z - Ze- i T/4 (8
ZIO=b Z -of Gb . (18)

This far-field condition can be written

kR[1+ 2dcos ) 1] kp d Cs0<TT
0 R OO.rR. 0
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The ihtegral for Gb may now be written in the form

bb kb"ix(1 - c.o o)
Gb e -.... F(x) dx (19)

(ZTQj 2 COD 'o Xk

where I
A[lx/Tr) Coo0.] 2

:•F(x) =i .--•r
F~)=-i Sexp-i -y t] dt

-A [(X/rr) cos I0

LimThe Fresnel integral F(x) is normalized so that F(x) = 1
X-0

provided A, and A2 are both positive. In this limiting case the

sector is behaving essentially as a circular screen. For example,

one may note that

G b] = G I(k b) - G 1 (k a)

where G1 is the integral described by omitting the second term of

(13a).

An interesting special case of (19) is when 4i 0 and ZV can

be regarded as a constant. Then

G b i(k -S dx • (20)

ka x
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After an integration by parts it readily follows that

I I

/2 tZN kb a r/4ex(ib f)+ exp( -ikb 441)]
Gb Ti (kb) -L A2

a 2. 1)3n/4 exp(-ika~f4
)[Fia) e+ ik a A?/2)3

All
(21)

The integral Gb has been evaluated for a range of values of kb.

To simplify the situation, the lower limit ka is fixed at 5 and

S= Ag = A . The num erical results for Gb (denoted G(B )] are

given in Tables 2 to 8 for A [DELTA] ranging from 5 to 600. Within

each table kb [KB] varies from 10 to 100 and j [PSI] varies from
o 0

o to 45°.

As a check on the numerical work, Gb for u 0 was calcu-

lated using both (19) and (Z1). Also, it may be noted that

Gb(kb)] = Gl(kb) - G1 (5)

A-Go0

where the values of G (x) are listed in Table 1 and where x is to be

identified with KA.

To illustrate the effect of a finite value of A, some typical cases

are shown in Figs. 7a and 7b where the amplitude and phase of Gb

are plotted as a function of 4o for ka =5, kb = 40, and various
0

values of A. It appears that for these conditions the total sector

angle 2A need not be greater than about 500 in order to be fully

effective.
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In order to demonstrate the effect of the sector on the total field

it is convenient to consider both Z' and Z small compared with Z.
a b

Thus

ba Z 110B
Z- Z - Z -

10 110 no N"

where N ' 8 is the complex refractive index of the ground. Con-

sequently, it follows from (16) that

1+0=1+ +eI (0
1+a+(2 aOb M 1+ N (0a + Gb)

The amplitude of this quantity (expressed in db) and the phase are

showninFigs, Saandgbfor ka = 5, kb = 40, 0 = 0, and N .3.

This would correspond to a relatively dry soil. It is certainly evident

here that considerable improvement results from the presence of the

sector. The corresponding set of curves shown in Figs. 9a and 9b

are for a highly conducting soil characterized by N = 10 and 0 = 450.

The sector screen here has a negligible effect on the performance of

the system. In fact, there is even a slight degradation for the very

low grazing angles.

The marked improvement by using a large sector screen on a dry

ground is indicated in Fig. 10. Here ka = 5, kb = 200, N = 3,

and 0 = 0. At low angles the gain is greater than 12 db even with a

total sector angle, 2 A, of 200.
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In the preceding discussion it has been tacitly assumed that the

receiving antenna is located in the vertical plane which bisects the

sector. Normally, this would be the optimum location,and for a

fixed communication link it would be considered good practice to

orient the sector towards the receiving antenna. However, there

may be certain applications where the receiving antenna is located

off the center line. The formulae given above are actually valid for

this case since A% and A. may take any positive or negative value.

However, rather than computing directly from the general formulae,

it is desirable to establish some simple identities which enable the

results in Tables 2 to 8 to be used.

It may be readily verified that Gb(AP A.), as defined by (18),

has the following property

GA(I. A1 ) + Gb(Al. Ad) Gb(AI) + Gb(AS)
Gb(A. 2

Numerical values of Gb (A, A) or Gb(A) for various positive values

of A are given in Tables 2 to 8 inclusive. If negative values of A

are encountered it is useful to note that

Gb(A) G b b(-A)

With this information it is a simple matter to compute (1 + f) as a

function of the azimuth angle 8 which is defined by

8 = (- .
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Thu s

z-z' 1 z/4 z - i /4
a b1o a •Io

which is an obvious generalization of (18).

To illustrate the azimuthal variation of the field when using a

sector it is again desirable to write

Z a Z 1 iZ
110 110 710 N

Then again denoting the total width of the sector by ZA, the ampli-

tudes of 1+ a+Gh are shown in Figs. lland 12 for N= 3, B = 0,

ka = 5, A = ZO, and various values of 'o from 0 to 250. In

Fig. 11, kb = 40 whereas in Fig. 12, kb= ZOO. As expected, the

maximum response corresponds to small values of 8. In fact, as

8 increases the response decreases quite significantly for the larger

sector.
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5. Final Remarks

In the present study, the electrical properties of the ground

are assumed to be characterized by a surface impedance which is a

(complex) constant Z outside a surface S. Within S, the impedance

Z' is allowed to be variable. In the case of a radial wire system

emanating from Q, it is appropriate to use formulae which have been

developed for the surface of a wire grid in the interface of a conducting

half space11 In general these are complicated, but recently

some numerical results have been obtained which should be useful in

this problem! At low radio frequencies for moderately or well-conducting

soils it is a satisfactory approximation to regard the surface Z' as

the parallel combination of the surface impedance Z of the equivalentS

grid and the ground beneath. Thus

Z Z

i n 0d d

-V ---- lo (Z4)

where Z T loge c (24)

0

and d is the spacing between the radial conductors and c is the radius

of the wires. Such a formula is strictly valid only if (a IL w)ld << 1

everywhere within the ground system. If there are N radial conductors,

it can be seen that d can be replaced by 2rrpA where N is usually

of the order of 100.

t
Available from Mrs. T. Larsen, Laboratory of Electromagnetic Theory,
Technical University of Denmark, Copenhagen.
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6. Appendix

(1.) Evaluation of the Freenel integral

The integrals occurring in G (13a), (13b), and F(x), (19) are

of the type

u

f(u). = e" ($/e)Trte dt = C(u) - i S(u) . (25)

0

These Fresnel integrals were evaluated by the method proposed by
12

Boerama 1 , This method is based on the r method of

Lanczos 13. The Fresnel integral defined by Boersma is

X -it

f(x) = S dt = C(x) -iS(x) (26)

0

The definition in (25) conforms to the one used by Boersma 14 in

equation (26) if
TTu 5

For values of the argument 0 4 x .. 4 in (26), f(x) is computed by a

finite power series in x; for values of the argument x = 4, f(x) is

approximated by a polynomial in l/x. For n = 12, the power

series in x validfor 0 x.A4 is

11
n n

0
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The power series in -L, valid for x 9 4 is

11

0

The numerical values of the coefficients an, bn, C , and dn as
14, 12n

developed by Boerema are given in Table 9. With these co-

efficients the Fresnel integrals can be computed over the range

0 Z'x 9 oc, in general, to eight decimal points. The subroutine

used in evaluating the Fresnel integral was checked with the tables
15 1of Pearcy and those of Wijngaarden and Scheen1 6 . The former

tables, using definition (26), are accurate to mix or seven digits

depending on the size of the argumentwhile the latter, using

definition (25), are accurate to five digits.

Ii

•-I
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(Z4 Evaluation of by Gaussian quadrature

With a procedure for evaluating the Fresnel integral, the remain-

ing problem was to compute the integral in (19). The method used,

Gaussian quadrature, is described briefly below17

In quadrature methods a definite integral in approkimated by a

weighted sum of particular values of the ordinate with the abscissas

properly distributed in the limits of integration. Thus,

b n

fx) dx .H f(a+E . (29)

a jal

The abscissas are roots of the Legendre polynomials, the weightsSajweht

H3 are functions of these roots, and. E is the error term which can,

Sin general, be made arbitrarily small with increasing n. The Gaussian

roots and weights are tabulated for various n for limits between -1

and 1 by Davis and Rabinowitz i. but other limits can be used by a

change of variable as follows:

Sfx~c -~g(y)d(Iy

where x a b-i- + + (30)

Furthermore, in the Gaussian quadrature procedure, the integrand is

approximated by a polynomial of (2 n - 1) degree which has the same

ordinates as the function for n discrete abscissas.

S.. . .. . . .. . . . . . . .. . . .. . ... . . .. . . . . . . . . .



-23 -

To obtain accuracy for Gb equation (19) was written

100-ix~l -Cos ýo)T~•d
0 b U dx

1* e~iX(1.cOS~o)F(x) dx.. ,4.be'xlcs°Fi~b

(31)

and Gaussian quadrature was used with n = 16 in equation (29) for each

interval of 5 for kb. This work was checked against (21) for •o = 0

00

and various values of A1 and A3 . The answers agreed to the five
digits asied for in the results.

II
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Fig. 1I Vertical electric dipole located over a. circular metal screen
which, itself, is lying on a homogeneous' ground.
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ordinate can be regarded as the modification' of the

effective height of the monopole resulting from the

presence of the ground screen.
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b

Fig. 6 Vertical electric dipole located over a combination

circular-sector screen which, itself, is lying on a

homogeneous ground.

i i ' I ' I ' I

A 4'

.0
Fll1. 7a The amplitude of as a function of 41 illustrating

the effect of finite A. (These curves are for a circular

screen of radius a and a sector which extends from a

to b)
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S ~cation of the effective height of She, monopole resulting 1

I ~from the presence of the ground screen which Is in-*&h

combined form of a circular disc and a sector)
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effect Of finite A.
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conducting ground and large N illustrating the effect of
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20:.6' 02 03106 '02 1.2,0,:00.0l .30 I 2.9209o '00 -5.302 01 1.4042 .40 0.9322 .02

10 1. 70320 96jl -02 ?.82 00.02 _ 01 .3924 -0 _D30.1.99-1 8.00 -01 0

20 .782 .0 .1800 0.022 -* : .06 .001 1.9101 -0 2.36696 .00 Do31 0

27 10 . .09 1 00 .. 3 .306'02 2.0512 0 93 .01 0 .60.006..030.02
23Z.0 0 2.693.00.4.0 02 2.2085:0 .00 .03 0 0.2630 2200 ..20 102

20 2.4100 *00 9 .20 '2 2.:14 :10 0.97.0 2.20901 Ol 00 2.604 .0

233 ,1 2. 02 ý 1:61.0.00 ..93...0 2 .76 , * 1..220 .0 2.20.0, 6,7is 0 00

00l"9i Q. I.30 .... .. . 2 3 , 0 2. D0 .006 2.02 .0 2.9022 '0 429 0

5 2 065 2.2000 0 D "I",-0 2.03 '0 963 00 2. 002'00 -I.91. 10 21 11 'o

00 .,oo-.*;o .00240 -l.033'l 2.0.92.0o0'l.9740'0

47 1.0222 .10 2.00203 002 206.00-2.30.01 :00270l16.29...00 .....

3 2.1040 .00 - 2.14 0 0S.1622 -0 -. 3 9 .00 0.4466.-02a8.3l09s.00

'3 0.07'1 607 0 .4 0 2 2.64'2 . 02 0 '22 9.22 :.02 00
60 9400 -01 2 012 .0 0.90 -02 ".523 .02 2...2.0 .00 3.064'0

to 7.30.0 .000 0.64 .00* 9. 1:2 "02 1.0877.0
$5 149 2.0 -. 560) '00 16.135220.02 23060 '00 7.60 0 02 2.6013 a0 7 I30 0

09 s 2 .900 '04 5.69 0 .1026 '00 3.0G 72 :021 80 '00 ".'D?
120."?-,2 .11 0 .762 01 1.105 0302 2.629 '001 2.0405 .020 2.802' '01 0 .06 '00 , ,.

P11011115 -2 . 1)223 E'0 2.36 '02

LtŽ'
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Table 7

KA-5
DELTAIDEGREES)(60

PS!.0EGRFESI - 2 Psi(OEGREES) - 3
PSI(DEGREES) 0 PSIODEGRf(S) I 1$ R 2G EES) " 3

KB G(8) PHASE(DEGREES) GI(B PHASEIDEGREES) 81 PHASE7DE8REES) G(80 PHASE(7E-.8 REES+

10 7.6723 -01 7.9230 *0of 7.6750 -01 7.9168 +01 7.6829 -01 7.8982 .01 7.6961 -01 7.8672 +01

15 1.2894 +00 8.7186 +01 1.2898 +00 8.7103 +01 1.2910 -00 8.6853 +01 1.2929 +00 8.6437 +01

20 1.8110 .00 8.6549 +01 1.8116 +00 8.6448 +01 1.8132 +00 8.6145 +01 1.8159 .00 8.5660 +01

25 2.1674 +00 8.7702 .01 2.1881 +00 8,7583 .01 2.1900 +00 8.7224 +01 2.1933 +00 8.6626 .01

30 2.6073 OQ 8.8007 +01 2.6081 +00 8.7870 .01 2.6105 +00 8.7459 +01 2.6143 +00 8.6775 +01

38 2.9259 200 8.8023 .01 2.9268 +00 8.7869 .01 2.9294 +00 8.7405 +01 2.9337 +00 8.6632 +01

60 3.2792 +00 8.8061 .01 3.2742 +00 8.8389 .01 3.2771 +00 8.7874 +01 3.2818 +00 8.7016 +01

45 3.5681 +00 8.8315 +01 3.5692 +00 S.8126 +01 3.5724 +00 8.7560 +01 3.5775 .00 8.6616 .01

s0 3.8588 .00 8.8780 .01 3.8600 .00 8.8574 +01 3.8634 .00 8.7957 +01 3.8688 .00 8,6929 +01

55 4.1410 .00 8.8591 +01 4.1422 +00 8.8369 +01 4'.1459 400 8.7701 +01 4.1516 +00 8.6589 +01

60 4.3914 +00 8.8658 +01 4.3927 +00 8.8619 +01 4.3966 .00 8,7971 +01 4.4026 +00 8.6706 +01

68 4.6594 +00 8.8629 .01 4.6608 .00 8.8573 +01 4.6649 +00 8.7805 ÷01 4.6711 .00 8.6527 +01

70 4.8661 .00 8.889* .01 4.8876 +00 8.8623 +01 4.8919 -OC 8.7806 +01 4.8982 +00 86643 .01

75 5.1344 +00 8.9003 .01 5.1360 +00 8.8714 +01 5.1405 +03 8.7848 +01 5.1669 .00 8.6405 .01

80 5,3907 .00 8.8943 +01 5.3524 .00 8.8638 .01 5.3570 +00 8.7723 .01 5.3635 .00 8.6198 +01

55 5.5758 .00 8.9108 .01 5.5775 .00 8.8787 +01 5.5823 +00 8.7822 +01 5.5888 +00 8.6216 +01

90 5.7887 +00 8.9018 +01 5.7905 +00 8.8681 +01 5.7954 +00 8.7667 +01 5.8019 +00 8.5979 .01

95 5.9918 .00 8.9157 +01 5.9937 .00 8.8803 +01 5.9987 .00 8.7741 .01 6.0051 +00 8.5972 .01

100 6.2016 +00 8.9110 +01 6.2035 +00 8.8740 .01 6.2086 +00 8.7630 +01 6.2149 +00 8.5779 .01

PS~iDEGREES. - 4 PS!IDEGREES) 5 5 PSI(DEGREES) - 7 PSIIDEGREES) - 10

KS G(i) PHASEIDEGREES) G08) PHASE(DEGREES1 G(8) PHASE(DEGREESt G(O) PHASE(DEGREES1

10 7.7145 -01 7.8239 +01 7.7383 -01 7.7683 +01 7.8019 -01 7.6201 .01 7.9377 -01 7.3065 +01

15 1.2956 .00 8.S854 +01 1.2990 +00 8.5105 +.1 1.3082 +00 8.3112 +01 1.3273 .00 7.8893 +01

20 1.8197 +00 8.4934 +01 1.8246 +00 8.4026 +01 1.8372 +00 8.1609 .01 1.8629 +00 7.6491 +01

25 2.1978 .00 8.5789 +01 2.2034 +00 8.4715 +01 2.2179 +00 8.1853 +01 2.2457 +00 7.5795 +01

30 2.6195 . 0 8.5817 .01 2.6260 +00 8.4686 +01 2.6422 +00 8.1310 -01 2.6707 +00 7.4375 +01
35 2.9395 +00 8.5551 +01 2.9466 +00 8.4162 .01 2.9635 .00 8.0465 .01 2b9897 +O0 7.2640 +01

40. 3.2881 +00 8.5815 +01 3.2956 +00 8.4272 +01 3.3126 +00 8.0166 +01 3.3337 .00 1.14.9 .01

65 3.59842 +00 8.5296 +01 3.5920 +00 8.3600 +01 3.6084 +00 7.9086 +01 3.6217 .00 6.9537 .01

80 3.8758 +00 8.5491 +01 3.8836 .00 8.3643 +01 3.8985 .00 7.8725 .01 3.9004 +00 6.8330 +01

55 4.1588 .00 8.5034 +01 4.1666 +00 8.3035 +01 4.1792 .00 7.7717 .01 1.1669 +00 6.6479 +01

60 4.4098 +00 8.5033 +01 .4.172 +00 8.2885 +01 4.4267 +00 7.7169 .01 4.3961 .00 6.5101 +01

68 4.6784 .00 8.4739 +01 4.6853 +00 8.2441 .01 4.6908 +00 7.6329 +01 4.6388 .00 6.3434 +01

70 4.9053 .00 8.4541 +01 4.9116 .00 8.2095 +01 4.9119 +00 7.5591 .01 4.8344 +00 6.1878 +01

75 5:1539 +00 8.4386 +01 5.1592 +QO 8.1793 +01 5.1537 .00 7.4897 +01 5.0470 +00 6.0374 +01

80 5.3701 .00 8.4064 +01 5.3763 +00 8.1324 .01 5.3618 +00 7.4039 +01 5.2216 .00 5.8711 +01

85 5.8950 .00 8.3968 .01 5.5979 .00 8.1082 .01 5.5774 +00 7.3410 +01 5.4000 .00 5.7290 +01
90 5.8075 +00 8.3618 .01 598087 +00 80586 +01 5.7792 .00 7.2527 +01 5.5599 +00 5.5614 .01

95 6.0101 .00 8.3497 +01 6.0096 +00 8.0320 .01 5.9699 .00 7.1879 .01 5.7049 +00 5.6192 .01

100 6.2191 .00 8.3112 +01 6.2165 .00 7,)869 .01 6.1655 .00 7.1045 +01 5.8501 .00 5.2578 +01

PSIEDEGREES) - 15 PS]IDEGREES) - 16 oSI(DEGREES! - 17 PSI(DEGREES) - 20

KB GM() PHASEIDEGREESI G(8) PHASEIDEGREES) G(83 PHASECDEGREES) G(81 PHASECOEGREES)

10 8.2746 -01 6.5447 +01 6.3590 -Cl 6.3572 .01 8.4492 -01 6.1583 +01 8.7552 -01 5.4937 +01

15 1.3725 .00 6.8643 +01 1.3834 +00 6.6121 .01 1.3947 +00 6.3444 +01 1.4312 .00 5.4505 +01

20 1.9181 +00 6.4054 +01 1.9301 +00 6.0993 +01 1.9420 +00 5.7746 +01 1.9758 +00 4.6901 +01

25 2.2953 +00 6.1085 +01 2.3035 +00 5.7468 .01 2.3102 .00 5.3633 +01 2.3184 +00 4.0844 +01

30 2.7059 +00 5.75,6 +01 2.7067 +00 5.3414 +01 2.7041 +00 4.9034 +01 2.6686 +00 3.4464 +01

35 2.9962 .00 5.3672 +01 2.9848 +00 4.9022 +01 2.9671 +00 4.4099 .01- 2.8651 .00 2.7767 +01

40 3.2978 +00 5.0464 +01 3.2695 +00 4.5327 +01 3.2311 +00 3.9897 +01 3.0411 +00 2.1980 +01

45 3.5290 +00 4.6475 +01 3.4789 +00 4.0852 +01 3.4140 +00 3.4919 +01 3.1147 +00 1.5462 +01

50 3.7351 +00 4.3305 +01 3.6579 .00 3.7234 +01 3.5608 +00 3.0847 +01 3.1327 +00 1.0118 *01

55 3.9137 +00 3.9495 +01 3.8044 +00 3.2978 +01 3.6697 +00 2.6145 +01 3.0954 +00 4.2435 ÷00

C :..0384 +00 3:6248 +01 3.8922 +00 2.9330 +01 3.7145 +00 2.2114 +01 2.9816 .00 -5.4068 -01

65 4.1608 +00 3.2733 +01 3.9731 +00 2.5430 +01 3.7478 +00 1.7856 +01 2.8475 +00 -5.2847 +00

70 4.2195 .00 2.9412 +01 3.9858 +00 2.1771 +01 3.7089 +00 1.3914 +01 2.6391 +00 -9.0631 +00

75 4.2802 .00 2.6209 .01 3.9970 +00 1.8272 +01 3.6658 .00 1.0201 .01 2.4336 +00 -1.1918 +01

80 4.2861 +00 2.2903 .01 3.9499 +00 1.4717 +01 3.5617 +00 6.5147 +00 2.1801 +00 -1.3670 .01

85 4.2828 +00 1.9977 +01 3.8919 +00 1.1626 .01 3.4470 .00 3.4375 .00 1.9511 .00 -1.3236 .01

90 4.2451 +00 1.6827 +01 3.7971 +00 8.3617 +00 3.2949 .00 2.9423 -01 1.7240 +00 -1.1066 .01

95 4.1819 +00 1.4138 .01 3:6773 +00 5.7013 +00 3.1221 +00 -1.9876 +00 1.5590 +CO -5.4315 .00

100 4 1051 +00 1.1300 301 35437 .00 2.9668 +00 2.9387 +00 -4.1658 .00 1.4619 +00 1.7286 +00

PSI(DEGREES) - 21 PSIIDEGREES) - 22 PSI(DEGREES) - 25

KS G(8) PHASE(DEGREES) G(B) PHASE(DEGREES) G(8) PHASEIDEGREES)

10 8.8692 -01 5.2499 +01 8.9894 -01 4.9953 +01 9.3872 -01 4.1675 +01

15 1.4441 +00 5.1.227 +01 1.4572 .00 4.7804 +01 1.4972 .00 3.6680 +01

20 1.9858 +00 4.2928 +01 1.9947 +00 3.8779 +01 2.0128 +00 2.5312 +01

25 2.3156 400 3.6166 +01 2.3094 +00 3.1288 +01 2.2642 +00 1.5509 +01

30 2,6451 +00 2:9150 .01 2.6146 +00 2.3621 +01 2.4728 +00 5.8502 +00

35 2,8114 +00 2.1837 +01 2.746C +00 1.5687 +01 2.4722 +00 -3.8727 +00

60 2.948C +00 1.5524 +01 2.8396 +00 8.8698 +00 2.4084 +00 -1.1856 +01

45 2.9753 +00 8.5210 +00 2.8148 +00 1.4269 .00 2.2090 +00 -1.9916 +01

50 2.9406 +00 2.8558 +00 2.7237 +00 -4.4456 +00 1.9481 +00 -2.4776 +01

55 2.8460 +00 -3.2473 +00 2.5702 +00 -1.0590 +01 1.6452 +00 -2.8088 +01

60 2.6744 +00 -7.9532 .00 2.3432 +00 -1.4845 +01 1.3429 .00 -2.4869 +01

65 2.4845 +00 -1.2358 +01 2.1055 .00 -1.8311 +01 1.1445 +00 -1.6294 +01

70 2.2285 +00 -1.5195 +01 1.8205 +00 -1.9098 +01 1.1058 +00 -1.2668 +00

75 1.9903 +00 -1.6406 .01 1.5841 +00 -1.7010 +01 1.2584 +00 8.9076 +00

80 1.7284 +00 -1.5318 +01 1.3731 .00 -1.0801 +01 1.4924 +00 1.3715 +01

85 1.5333 .00 -1.0722 +01 1.2967 +00 -9.7764 -01 1.7514 +00 1.2355 .01

90 1.3897 +00 -3.3798 +00 1.3208 +00 9.2129 +00 1.9530 +00 8.8490 +00

95 1.3736 .00 6.4074 +00 1.4788 +00 1.6708 +01 2.1096 +00 3.3214 +00

100 1.4467 .00 1.4491 +01 1.6714 +00 1.9994 .01 2.1623 +00 -2.5758 +00

[B:-=365=16
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KA-5

OELTRI .TOCr,8E5

P5I3060•618) - 0 PS1IDEGR1ES) - 1 PS1IDEGRFF$) * 0 PSII'EGRE1S) - 3
K8 SIB) 9sA59306g9E01 GI081 e9HASE1I00E001, 0183 9_4HAS98D0GRE08 0I16 9HGIB)0AS6•EES

10 7.3901 _01 9.0000 .01 7.3916 -01 8.9936 .01 1.3966 -01 6.9743 .01 7.4053 -31 6.9622 .01

1s 1.3061 .00 9.000•".01 2.3064 -00 8.3917 .0! 1.3073 .00 8.9667 .01 1.3067 +00 8.9250 .01

20 1.7641 .00 9.0000401 2.2058 .00 6.9860 +01 1.7697 .00 6.9593 -01 1.7878 .00 8.9064 .01

29 2.2053 .00 9.0080o0 t 2.5867 .00 8.9863 +01 2.2073 .00 6.9521 :01 2.2098 .00 8.8922 .01

30 2.1661 .00 9.0000 .01 2.7669 .00 8.9698 .01 2.9884 .00 6.9450 .01 2 .911 .00 6.6763÷01
$3 2.9362 .00 9.0000 .01 2.9369 .00 8.9849 +01 2.9369 .00 8.9381 .01 2.9421 .00 8.6607 .01

4 0 3 .2 6 2 1 .0 0 9 : 0 0 0 .0 2 3 .2 6 29 0 0 8 . 9 82 6 .0 1 3 .2693 . 0 0 8 . 9 3 12 + 01 3 .2 6 4 9 .0 0 9.8 * 92 .0 1

69 3.5682 .00 9.0000 .01 3.5691 .00 6.9811 .01 3.5714 .00 6.9244 01 7 t 8.8299 t0O

90 3.8976 .00 9.0080 .01 3.6586 .00 0.9796 :01 3.0612 .00 092176 '01 3.8691 .00 8.9697 .01
59 4.1331 .00 9.0000 .01 6.1341 .00 8.9777 .01 4.1368 .00 8,9109 .01 4.1406 +00 8.7096 .02

60 4.3963 .00 9.0000 .01 6.3973 .00 0.9761 .01 4.4001 .00 6*9062 +01 464043 .00 6.764 .01
69 4.6.86 .00 9:0000 .01 6.6497 .00 8 9746 .01 4+6526 .00 6.6976 .01 4.5969 .00 8.7696 .0170 4�.913 .00 9.0000 .01 6.8926 .00 8:9727 .01 6.8956 .00 8.6910 .01 6.9999 .00 8.7547 .01

75 4.1298 .00 9.0000 .01 971269 .00 8.9711 01 6.13 00 * 0 6.8846 :01 9.1363 .00 a.7199 .01

80 9.3924 .00 9.0000 +01 5.3916 .00 8.9699 .02 9.3968 .00 8.8778 .01 9.3 19 .00 6.7292 .01

89 9.9720 +00 9.0000 .01 9.9737 +00 6.9678 .01 5.9365 .00 6.8713 .01 5.9606 .00 8.7105 701

90 5 278 83 *00 9:0000 +01 5 24866 .00 8.9662 .01 5.1799 +00 8.8638 .01 597936 .00 8.6996 ÷01

99 9.9927 :00 9:0000 +01 9:9940 :00 8.9446 .01 S.9974 .00 8.8965 .01 6.0011 *00 8.6612 .01

100 6 .1967 900 9.0000 .01 6.1941 .00 8.9630 .02 6.1999 .00 6.6918 001 6.2030 *00 8l6667 .01

P$91EDGR0ESI 4 PSb9$ oGRoESi * 5 PSIIOOGREOS) ; T PSIIDEGR$EES I 10

86 0161 9849810E0[6189I 016 9 100089P"A) D P0A6EIDGREE6)

10 7.4171 -01 2.8973 .01 7.6326 -01 8.6396 .01 7.6731 -01 8.6858 .01 7.599 -01 8.3596 +01

IS 1.3101 .00" 6:8667 .01 1.3135 .00 6.7957 .01 1.3207 .00 8.9920 .01 1.3351 .00 8.1664 .01

20 1.7906 .00 68 872 .01 1.7941 . 00 8 .7456 .01 1.8033 .00 8. 01:8 .01 k.6 016 .00 7.96845 01

29 2.2232 .00 8.$086 .01 2.2174 .00 6.7007 .01 2.2281 .00 8.4138 +01 2.2478 100 7.8093 .01
30 1.5951 .00 8.7802 +01 2.5999 .00 8.6966 .01 2.611* .00 8.3274 .01 2.6301 .00 7.6299 .01
39 0.9463 +00 8.752 .01 2.992' .00 6.6132 -01 2.9631 .00 86.243 .01 2.9781 -00 7.4963 .01

40 3.2731 +00 8.7249 .01 3.2784 .00 6.9702 +01 3.2699 .00 6.1982 .01 3.2981 .00 729 51 .01

49 335799 00 8.6976 .01 3.9852 .00 8536 .01 3.5969 .00 6.0749 201 3.5943 .00 7.1158 .01
90 3 +8497 .00 8.6796 .01 3.87.1 .00 8.489* .01 3.8627 .00 7.9923 +01 3.8696 .00 6.9461 :01

95 4:1.47 .00 .. 6437 .01 4.1505 .00 8.6439 .01 4.1552 +00 7.9102 :01 4.1263 :00 6.7616 +Ol

60 4.409I .00 6.70 .01 4.4"132 .00 8.4018 .01 4.4.42 .00 7.6287 .01 4.3661 .00 6.4167 .01

69 4.6614 *00 6.9909 *01 4.6646 .00 8.3404 .01 4.6612 .00 7I7477 .01 4.9903 .00 656929 +01

70 6.9069 .00 6.9641 .01 4.9067 .00 6.s191 .01 4.8974 .00 7.6670 .01 4.7999 .00 6.2902 .01

75 5.1382 .00 6.5376 .01 9.1396 *00 6'2760 .01 9.1237 .00 7.5868 a01 4.9998 .00 6.1286 .01

80 9.5643 .00 6.51)6 .01 5.3664 .00 4.2371 .01 5.3409 .00 715069 .01 5.1787 :00 5.9651 +01

89 9.9634 .00 8.6859 ÷01 9.9818 .00 61.964 101 5.5498 .00 7.4274 .01 3691 .00 5.6086 .01

90 1.7998 .00 6.4994 .01 9.7925 .00 8.1957 .02 5.7506 .00 7.3482 .02 3.5075 .00 5.6503 . 01

95 6.0023 .00 8.4339 .01 519969 .00 8.1153 .01 5.9444 .00 7.2692 .01 9.6943 *00 5.4930 .01

100 6.2032 .00 8.4036 801 6.1955 .00 8.0749 +01 6.1312 .00 7.19J6 *01 9.7699 -00 3.7168 +01

90110805RE . 12 PSII5EGR2 EI . 15 PSIIDEGR0ES) * 16 P$!(rEorrE[) 17
K8 0D6) 6H5•, 0283 ED•R[ GIB) PHA,0ID3GREE$) 0II P84 0I0EC.REESI
10 7.6353 -01 6.0769 .01 .7.75 -0 1 7_o '9? 7 0: 7.8290 -01 7.3671 .01 7.6866 -01 7.192 .01

15 1:.474 +00 7.8019 .O 1 3 1.3691 .00 7.2730 .0 7 1.3771 400 6.8798 .01 1.38595 00 6.6086 .01
20 1.8359 .00 73,395 .01 .873' '30 F .7 30 +•'1.663 .00 6.4116 .02 1.6736 .00 9.0807 .01

09 1.2613 .-n2 7.2918 .01 7.'•T9 *C 6.3221 .0 2.2613 e 00 5.9562 301 0.2831 .00 9.5676 .0130 26970 7':'492 0 261 •o646 ..o 6.3ý95 +0, 2.616 8 00 S.S106 +01 2 $24 -00 5.0666 -0]

39 2.9804 .00 6.7609 .01 2.9583 .00 5.5439 +01 2.9409 .00 5.0736 -01 2.9170 *00 i.5749 .01

30 2.6397 *00 :.7102 .01 32.334 .00 .92649 3.1926 .00 4.6743 301 2.6284 .00 4.09444 01
4' 1.*'7 03 1.0 6. 29• Il1.11 ). 4702 .00 4.791 2 "0 3.4132 0 0 4.2225 ÷0l 3.3417 :00 3.627 0
10 1.0263 -. 0 ".,2 8 .01 3.111] -00 4.' 235 10 3.S869 O0 3.80895 1 3.48032 00 3.160Z ÷01

9. 4.0193 .01 5.8255 .01 3.8378 .00 4.0618 .02 3.7225 .00 3.402S .01 3*.802 000 2.7100 .uI
160 42708 .00 5.5902 .01 3.9718 .00 3.7063 :01 3.8187 :00 3:0053 '01 3.6347 .00 2:2724 301

69 4.4619 .00 5.3474 .01 4.0743 .00 3.3574 .02 1.8797 .00 2.6178 .01 3.6486 .03 1.6691 .01
70 4.6336 .00 5.1169 .01 4.1464 +00 3.0157 .01 3.9063 .00 2.2412 .01 3.6241 .00 1.6426 O. 0
75 4.7667 .00 6,6888 +01 4.1890 .00 2.6919 '02 3.8999 . 00 1.8768 *CI 3.5638 -00 1.0946 .01
60 4.9218 -00 4.6630 .01 4.2039 .00 2:7569 .01 3.8623 .00 1.5767 .01 3.4703 .00 6.9719 .00

89 9.0394 .00 4.4397 .01 4.1917 .03 2.0429 0ý1 3.7955 .00 2.1932 o01 321409 *00 3.5715 .02

90 5.1400 *00 4.2190 .01 4.1539 +00 1 7162 ÷02 3.7016 .0 8.7900 .00 3.112 .03 5.6779 -01

95 5.2261 +00 4.0011 +01 4.0919 .00 1.4474 +01 3.+s16 .0 5.8782 .00 3.0255 000 -2.0070 .00

100 5.22I2 *00 3.7960 .01 4.0074 .00 1.1714 '01 3.4628 .00 3.2411 +00 2.8366 .00 -6.0476 +00

PSIfD1ORE1S0 . 18 PSI(08GREl5 * 19 PSIIO0D85GRS3 20 913[00GR0[$) * 21

68 GI8) 94HAS4ED0REES)1 G0BI 9"ASEI0GRCES' 0181 9A1.10(D8o0R %l 0181 PHA$IOr?8EElSI
10 7.9.79 1 6.9369 .01 8.0231 -01 6.7079 .01 8.0820 -01 6.4980 5 01 6.1549 -01 6.2003 .01

15 1.3941 .00 6.3215 .01 1.6030 .00 6.0189 .01 1.4121 .00 5.6999 +01 1.4213 *00 9.3657 .01

20 1.6804 .00 5.7305 .01 1.8866 .00 5.141, 1 + 1.920 .00 4.9721 :01 1.8965 +01j 4.5656 :01

;5 2.2830 .00 5.0565 .01 Z.2806 .00 4..1732 +0 2.2756 .00 4.0660 I 01 2:2674 -00 3.7911 .01
10 2.617T .00 4.5 63 -01 0.59961 00 4.2019 .01 2.9749 .00 3.58264 :01 2.5459 00 3.239' 001

39 2.8896 .00 40685 +501 2:8459 .00 3.4951 .01 2.7967 .00 2.91.5 .0. 2.7373 *00 2.3108 101

40 3.0976 .00 3.9129 .01 3.0363 .00 2.9041 .01 2.9493 .00 2.0664 .01 2.8479 +00 1.6078 .01

453 .2540 .00 2.9901 -01 3.1487 .00 2.3799 .01 3.0246 .00 .14437 .01 2.8808 .00 9.3494 .00

50 3.3960 .00 2.6813 .01 3.2101 .00 1.7'49 .01 3.0384 .00 1.0456 .01 2.8426 .00 2.5951 .00

55 3.4100 .00 1.9682 .01 3.2198 .00 1.2423 .01 2.9914 .00 4.8000 .00 7.7396 .00 -2.6776 .OC

60 3.4184 .00 1.5134 .01 3.1695 .00 7.3694 .00 2.8891 .00 -4.4778 -31 2.7802 .00 -0.2093 a 00

65 3.1608 .00 .oOl.* .01 3.0796 .00 2.6516 .00 2.7383 .00 -5.1930 200 1.3348 .00 -l.2'61 .01
70 3.3007 .00 6*3198 .00 0.9393 .00 -l.6'29 .00 2.5470 +00 -9.9153 +00 2.1364 .00 -1.9573 .01

7S 3.2637 .00 2.1997 .00 0.3667 .00 -*. 390 .00 2.3259 .00 -1.2183 *01 1.6820 +00 -1.6903 .01

60 3.0339 .00 -1.158 .00 2.365, .00 -8.4702 .00 2.0664 .00 -1.382 *01 1.6368 .00 -1.5487 *0I

89 0,8365 .00 -4.15 .00 2.344 .00 -1.0100 .01 2.8463 .00 -1.3732 .01 1.6258 .00 -G.1076 .01

90 2.6580 .00 6.5'81 .00 2.1154 .00 -1.1707 '01 2.6269 +00 -1.1115 .01 1.2938 00 -2.8499 +00
95 2.4498 +00 -6.1250 +00 1.8926 .00 -1.0429 .01 1.4961 00 -9.5939 +00 1.2706 +00 7.3393 .09

100 2.2293 .00 -8.9865 .00 1.6946 .00 -7.4288 +00 1.3639 .- 0 2.6160 +00 1.3574 +00 1.6306 .01

9313D0GRE8$) * 22 PS1(001GRES1 , 23 P11|O068R003 - 24 P9|(1 GREE$0 I1 5

8 0183 y.t,1I03REEI 0103 P![101099 $) GB) 8HIA$E1E0R181 G0I4 PHA$5fD3G0R[$)

10 8.2016 -01 919307 .01 $.3127 -01 5,6492 .01 8.3977 -01 9.3559 '01 8.4869 -01 5.0509 :01

15 1.4307 .00 5.0159 .01 2.4400 +00 4.6908 .02 1.4494 .00 4.2705 .01 1.4987 .00 3.8752 .01

20 1:83996 00 4.1397 -01 1.9018 .00 3.6955 .01 2.9001 .00 3.2330 :01 1.9003 :00 2:7576 .01

25 2.2557 .00 3.2929 .01 2.2401 .00 2.7739 .01 2.2201 .00 2.2344 .01 2.1953 .00 1.6790 .01

50 2:5092 :00 2.4733 .1 2.4654 +00 1.46 +01 2.4233 .00 1.2749 +01 2.3525 .00 6.4492 .00

39 2.6668 .00 1.6824 *01 2.5844 .00 1.0318 1 01 2.4894 .00 3.4131 .00 2.3825 .00 -3.2723 .00

40 2.7339 .00 9.2475 o00 1b.039 *00 2.2253 .00 2.4574 .00 -491 .00 2.2944 .00 -1.2204 .01

45 2.7146 .00 2*0937 .00 2*9326 .0 0-9.2958 .0C 2.3292 .00 -1.2495 +01 2.1081 +00 1.9976 .01

50 2.6231 .00 -4.5940 c00 2.3815 .00 -1.2031 .01 7.3?09 *00 -1.9264 +01 1.8460 .00 -215.27 601

95 2.4628 .00 -1.0+ *01 2.1653 .00 -1.7629 .01 1.8543 .00 -2.4002 .01 1.5413 +00 -2.8807 .01

60 2.2485 .00 -915313 .01 3.003 .00 -2.1512 +01 1.5600 .00 -2.5770 .01 1.2446 '00 -2.4447 .01
65 1.9944 .00 -1.8675 o0 1 .6216 :00 -2.2720 .01 1.2832 .00 -2.2728 .01 1.7354 .00 -1.6307 .01

77 1.7283 .00 -1.9797 0.01 3593 .00 -19606 .01 1.0902 .00 -1.3079 .01 1.0049 +00 -4.8800 -02

75 1..47 .00 -1.37, 0 .01 1.170 +.00 -1.3427 1 01 1.0996 . 00 1.019 100 1.1574 +00 1.1109 .02

8a 1.2783 100 -1.0957 +0 + 1 . 00 0.0771 .00 1.191] C00 1.7345 .02 1.4008 00 1.5240 +01

89 1.1882 *00 -3.6135 -01 1.2112 .00 1.2338 .01 2.4244 .00 1.3243 01 1.96509 .00 1.4031 +oi

90 1.2304 .00 1.0734 .01 I.4054 +00 1.8529 +01 1.6567 .00 1.7399 03 1.9597 .00 9478 .00
9; 2.3807 •00 1.84t4 .02 .363 .$00 1.9978 +01 1.8725 .00 1.4054 -0. 2.0016 .00 4.1901 .00

100 1.5838 *00 2.1865 +01 1.8569 .Oc 1.8279 .01 2.0360 .00 9.3540 .00 2.0"43 .00 -2.1418 .00
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